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Datums
Vertical coordinate information is referenced to the North American Vertical Datum of 1988 (NAVD 88).
Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).
Altitude, as used in this report, refers to distance above the vertical datum.
Supplemental Information
Concentrations of chemical constituents in water are given in either milligrams per liter (mg/L) or micrograms per liter (µg/L).
Activities for radioactive constituents in water are given in picocuries per liter (pCi/L) v
Well-Numbering System
In the State of Washington, wells and springs are assigned numbers that identify their location within a township, range, section, and 40-acre tract. For example, local well number 10N/22E-15B01 indicates that the well is in township 10 north and range 22 east, north and east of the Willamette Base Line and Meridian, respectively. The numbers immediately following the hyphen indicate the section (15) within the township; the letter (B) following the section gives the 40-acre tract of the section. The two-digit sequence number (01) following the letter indicates that the well was the first one inventoried by U.S. Geological Survey personnel in that 40-acre tract. An "S," "D," or "P" following the sequence number indicates that the site is a spring, deepened well, or piezometer in a well, respectively. In the figures of this report, wells and springs are identified individually by only the section and 40-acre tract, such as 15B01; township and range are shown on the map borders. 
Introduction
In the lower Yakima River Basin in central Washington State, 12-21 percent of private drinking-water wells have nitrate levels above the U.S. Environmental Protection Agency (EPA) Drinking Water Standard of 10 milligrams per liter (mg/L) (summarized in U.S. Environmental Protection Agency, 2012; and Washington State Department of Ecology 2010). The contaminated wells tend to be shallow and are primarily used to supply private residences.
Elevated levels of nitrate in drinking water in the lower Yakima River Basin are a high priority concern for a variety of governmental agencies and private groups, many of which are involved in the lower Yakima River Basin Groundwater Management Area (GWMA; fig. 1 ). The GWMA was formed in 2012 to identify ways to reduce nitrate concentrations in groundwater. In support of this goal, the GWMA has pursued a variety of approaches including public education campaigns to inform people about the problem of elevated nitrate levels, soil sampling to help farmers apply nutrients at agronomic rates, and the collection of groundwater nitrate samples to document the extent of the problem and provide a baseline against which future improvements can be measured.
However, the full extent of the problem has not been well documented. No systematic assessment of nitrate concentrations across the GWMA has been performed, complicating the interpretation of localized monitoring efforts that may indicate nitrate from distant or local sources, and making long-term trend analysis difficult.
Groundwater in many areas of the GWMA has not been sampled for nitrate, creating gaps in the understanding of nitrate concentrations in aquifers tapped for drinking water. The nitrate data that do exist were not necessarily collected for the purpose of comparison to previous nitrate concentrations to determine if levels are increasing or decreasing over long time scales. The existing data also were not collected with the goal of determining the seasonal variation of nitrate concentrations in groundwater, which is likely to indicate agricultural practices such as tillage, fertilization, and irrigation.
The purpose of this data collection effort is to collect sufficient nitrate concentration data from the lower Yakima River Basin GWMA to fill identified critical gaps in the current groundwater nitrate inventory. The data collected will assist in documenting the GWMA's current nitrate conditions and provide a baseline against which future nitrate assessments can be compared, and will provide insight into the design and sampling frequency of a long-term monitoring program. This report describes the results of this data collection effort. 
Description of Study Area
The Yakima River Basin extends from the Cascade Mountains east to the Columbia River. Streamflow averages 4.1 million acre-feet per year (acre-ft/yr), and is intensively managed using five storage reservoirs and irrigation diversions of about 2.8 million acre-ft/yr (Ely and others, 2011) . Eastwest trending ridges separate the Yakima River Basin into several broad valleys (subbasins) that slope gently toward the Yakima River, and contain most of the population and economic activity in the basin. The Toppenish/Benton subbasin, the largest and most southerly of the five subbasins, encompasses almost 1,500 mi 2 between Ahtanum Ridge and Rattlesnake Hills on the north and Toppenish Ridge and the Horse Heaven Hills on the south. The lower Yakima River Basin GWMA ( fig. 1) is within this subbasin.
The Toppenish/Benton subbasin is largely filled with deposits of alluvial fan, loess, dune sand, alluvial terrace, continental sedimentary, and Touchet Formation and Ellensburg Formation deposits. These sediments are more than 1,200-ft thick west of the town of Toppenish and gradually thin to zero thickness at the northern end of the subbasin where the underlying basalt outcrops. The unconsolidated sediments remain about 1,000-ft thick south of the Yakima River (and the GWMA) until the basin abruptly ends against the steep Toppenish Ridge (Jones and others, 2006) . Irrigated cropland is the major land use activity within the subbasin, encompassing 70-80 percent of the area. The primary crop types within the subbasin include orchards, vegetables, hay, mint, and hops (Washington State Department of Ecology, 2010). Dairy and animal feeding operations are also prevalent within the subbasin near the cities of Sunnyside, Granger, Mabton, and Grandview (Washington State Department of Ecology, 2010). Substantial amounts of nitrogen have been applied to the land surface in the lower Yakima River Basin for decades, primarily as fertilizer for row crops, but also in recent years as animal waste (manure) (Washington State Department of Ecology, 2010).
About one-third of the basin population is not served by public supply systems and instead relies on private wells (Washington State Department of Ecology, 2010). Residential drinking-water wells in the GWMA are typically shallow, with some as shallow as 10-ft deep. Wells that typically require a high flow rate are more likely to be drilled through the entire thickness of basin sediments to penetrate the Wanapum or Saddle Mountain basalts that underlie the subbasin.
Sample Collection Design and Methods

Sites Selection
Groundwater samples were collected from 156 existing wells (table 1) . Well selection was based on the following criteria: known and documented location and completion depth or open interval (drillers' log), the ability to collect a sample prior to any treatment or filtration, and spatial distribution across the GWMA (table 1, fig. 2 ). Candidate domestic wells for this study consisted of those listed in the USGS National Water Information System database, Washington State Department of Ecology well log database, and from a well assessment survey conducted by Yakima County in 2015 and 2016. Further screening of candidate wells took place in the field, based on owner permission and ability to collect a representative sample. Groundwater samples were collected about every 6 weeks (a total of 6 times) from April to December 2017.
Surface water, in agricultural drains, was sampled from 24 sites, spatially distributed across the GWMA (table 2, fig. 2 ). Drain sites were pre-selected by the GWMA. Suitability of a site was determined during field reconnaissance based on the ability to gain access to the site, and the ability to obtain a representative grab (dip) sample. Each site was sampled about once every 6 weeks for a total of 7 times between April and December 2017.
Sample Collection
All sample collection, processing, and field analyses were in accordance with applicable USGS procedures as described in the National Field Manual (U.S. Geological Survey, variously dated). Groundwater samples were collected prior to any filtration or treatment, directly from a spigot after a sufficient well casing volume of water was purged from the well and after allowing field measurements of pH, specific conductance, and dissolved oxygen to stabilize to within 0.1 pH unit, 3 percent, and 0.3 mg/L, respectively. Because of the limitations of wading the drains during the irrigation season, and their uniform shape and well-mixed characteristics, a grab (dip) sample was collected in the centroid of flow along with field measurements of pH, specific conductance, and dissolved oxygen. Field measurements were monitored using a Yellow Springs Instruments (YSI ® ) 600XLM or 6920 V2 data sonde. The sonde was calibrated prior to use, as described in the National Field Manual (U.S. Geological Survey, variously dated). The specific conductance sensor was calibrated daily with standard reference solutions (1,000 µS/cm and checked with solutions ranging from 250 to 750 µS/cm); the pH sensor was calibrated daily with two pH standards (7 and 10, and checked against pH 4 buffer solution); and the dissolved oxygen (DO) sensor was calibrated daily using the air-saturated water method and occasionally verified with zero-DO solution.
Samples for analysis of nitrate concentrations were filtered, in the field, through a 0.45 μm membrane syringefilter into polyethylene bottles, chilled, and sent to the USGS National Water Quality Laboratory (NWQL) in Lakewood, Colorado.
In addition to collecting environmental samples, qualitycontrol samples consisting of blank and replicate samples, made up 8 percent of all well samples taken (table 3) . Blank samples are contaminant-free water submitted to the laboratory and analyzed to ensure that environmental samples have not been contaminated. Two types of blanks were prepared, an equipment blank, prepared by transferring blank water through laboratory cleaned sampling equipment to ensure that neither is a source of contamination; and a field blank, prepared concurrently with environmental samples to ensure that field and laboratory procedures do not result in contaminant or carry-over between sites. Replicates are duplicate environmental samples from a site submitted to the laboratory to determine whether field procedures and analytical results are reproducible. 
Laboratory Methods
Samples for analysis of nitrate plus nitrite were analyzed colorimetrically by enzymatic reduction as described by Patton and Kryskalla (2011) . The results for the nitrate plus nitrite analyses are referred to simply as "nitrate" in this report because nitrite was below the detection level at all sites during the first round of sampling collection.
Results
Quality Control Results
Quality-assurance sampling included collecting replicate and blank samples for the analysis of nitrate. The relative percent difference between these replicate samples ranged from 0 to 10 percent. Nitrate was not detected in any blank samples with the exception of one sample with a concentration of 0.043 mg/L, just above the reporting limit of 0.04 mg/L. No changes were made to the dataset based on these qualitycontrol data.
During the second round of sampling in May and June, there was a mix-up of samples either by the laboratory, or field personnel. It was undetermined which was the issue, resulting in the rejection of 16 results from that sampling round. It was evident that sample results were incorrect (actually reversed) based on the trending result in the groundwater well. In these cases, where it was obvious the results were incorrect and the nitrate value was greater than four standard deviations of the sample mean, the result was rejected. 
Results of Water-Quality Analysis
Summary
Nitrate contamination in drinking water of the lower Yakima River Basin Groundwater Management Area (GWMA) is a major concern for local, state and federal agencies. During April through December 2017, the U.S. Geological Survey (USGS) conducted a large sampling collection effort, consisting of the collection of samples (892) from 156 domestic drinking water wells, and 164 samples from 24 drains sites, to fill identified nitrate concentration data gaps and help establish a baseline condition of nitrate concentrations for future assessments within the GWMA. Domestic well sample locations were selected based on owner permission, ability to collect a representative sample and spatial distribution across the study area. Drains sites were selected based on distribution across the GWMA, and ability to access the site and collect a representative sample.
Sampling collection, processing, and field analyses were in accordance with applicable USGS procedures and included thorough well purging, use of non-contaminating equipment, and quality-assurance sampling. Quality assurance samples made up 8 percent of all samples and included blanks and replicates. No changes were made to the dataset based on these quality-assurance data.
The mean nitrate concentration collected from domestic wells and drains was 6.1 milligrams per liter (mg/L) and 5.6 mg/L, respectively. The 10 mg/L maximum contaminant level (MCL) was exceeded by 20 percent of samples from wells and 13 percent of samples from drains. At least one nitrate concentrations was detected above the (MCL) in 26 percent of wells and 33 percent of drains sampled nitrate was not detected (<0.04 mg/L) in 13 percent of all samples.
